Introduction
. When very small amounts of some gases are added to the noble gases, striking increases in the amount of ionization created by a particle of given energy are observed. There is a considerable correlation: (1) between the amount of increased ionization and the ionization potential of the foreign species; and (2) between the quantity of foreign species which must be added to produce the effect and the ionization potential of the foreign species. In general, whenever the ionization potential of the foreign species is less than the lowestlying excited states of the noble gas, the effect is greatest and it occurs at the lowest concentrations of the additive. This effect has been referred to as the Jesse effect (Platzman, 1958) in honor of W. P. Jesse who first called attention to its importance in the case of alpha-particle ionization of helium (Jesse and Sadauskis, 1952 , 1953 , 1955b .
Another kind of effect is observed when the two gas components have comparable partial pressures. When the Jesse effect is not present, the W value of a binary mixture lies between the extremes for the pure individual components. Early studies of this effect, which we call a "regular" effect, were carried out in Switzerland (Huber et al., 1949; Haeberli et al., 1953) for a variety of gases. Later, the effect was examined for still other mixtures (Bortner and Hurst, 1954; Moe et al., 1957; Hurst and Strickler, 1960; Strickler, 1963; Klots, 1966) .
Regular Effects in Binary Mixtures
For a large number of binary gas mixtures it has been found (Bortner and Hurst, 1954 ) that the W value, Wij, of a mixture consisting of two gas components designated by i and j can be represented by ~ij = (~i -~J Zii + ~j, where the symbol S stands for stopping power. This restriction on the aij value is equivalent to the assumption that a particle's energy is apportioned to the two components according to their relative stopping power. Strickler (1963) We will not attempt in this review to list all of the values found for aij; instead, we refer to the publications where extensive tables can be found (Bortner and Hurst, 1954; Moe et al., 1957; Hurst and Strickler 1960· Strickler, 1963; .Klots, 1966) . The formulation ~f Eq'.
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~4-1), together with the tables of% values, has been used m radiation dosimetry applications and in radiation chemistry research.
Jesse Effects in Binary Mixtures
Jesse and Sadauskis (1952) made an important discovery while studying the total ionization produced by alpha particles in helium and neon. They observed a very large increase in the total ionization when a small amount of argon was added to either of the two gases. For instance, they found that W for the purest helium used was 41.3 eV/ion pair, and that this was reduced to 29. 7 e V /ion pair with the addition of only 0.13 percent argon to the pure helium. Bortner and Hurst (1953) later reported a value of 46 e V /ion pair for helium by carefully purifying helium by two different methods and by measuring the ionization while flowing the gas. A very interesting plot of the Jesse effect in helium was made by Jesse and Sadauskis (1955b) (see Figure 4 .1).
It is not a simple matter to summarize the W values for helium diluted with various foreign species. Jesse and Sadauskis (1955b) found, for example, that even for a fixed concentration of N 2 in helium, the W value depends on the total pressure of the gas mixture. Similar, but more recent results, are reported by Parks et al. (1972) , and we show some of these examples in Figure  4 .2. Harris and Doust (1976) have reported data on He-Ar and He-N2 mixtures which are in disagreement with all of the work quoted above and most difficult to reconcile. In particular, they observed that much larger concentrations are required to give the Jesse effect.
Just as the data on Jesse effects in helium are complicated, so is the explanation of the effect. The earlier view (Jesse and Sadauskis, 1955b ) that the effect is due to transfer of energy from a long-lived atomic metastable state of helium to the foreign species appears to Illustration of the dependence of the Jesse effect in helium on total gas pressure P (1 torr = 133 Pa). Note that a slight negative Jesse effect is observed when Ne is added to pure helium (Parks et al., 1972). be essentially correct but oversimplified. Bartell et al. (1973) suggest, from spectroscopic studies, that an atomic resonance state is excited by charged particles and is rapidly converted to the B molecular state of helium which is metastable. Theoretical evidence is ·now quite strong (Payne et al., 1975a,b) that He(2 1 P) is also converted to He(2 1 S) by a two-body collision, and this has now been confirmed using a laser technique (called resonance ionization spectroscopy) to measure selectively the He(2 1 S) population (Hurst et al., 1975; Payne et al., 1975a,b ). An energy pathways diagram which shows the various routes open to the decay of the He(2 1 P) state is shown in Figure 4 It is the competition of these two processes which accounts for the pressure dependence of the Jesse effects in helium. While in the above we stress the singlet states, it is believed that the triplet states also play a role. It was suggested (Payne et al., 1975a,b) that less than one part per million of a contaminant would convert the very long-lived triplet states to ionization; hence, even the purest available helium would already display a small residual Jesse effect. At about the same time that Jesse made his observations with helium mixtures, Sharpe (1952) found a similar result using oxygen and carbon dioxide in argon. However, since the ionization potentials of these two gases lie above the well-known metastable states in argon, his results could not be explained by the same model as that used by Jesse. Bertolini et al. (1953) investigated the Jesse effect in argon mixtures with gases whose ionization potential lies above and below the metastable states in argon. They concluded that the lower the ionization potential of the contaminant gas, the larger is the number of ion pairs in the mixture.
Regular Effects in Binary Mixtures
In a more systematic study, Melton et al. (1954) found good agreement with the results for the five gases studied by Bertolini et al. (1953) . However, the other gases they studied led them to a different conclusion. Their results indicated that there is little correlation between the ionization potential of the impurity gas and the decrease in the W value. They simply concluded that, in general, the Jesse effect is greater ifthe ionization potential of the contaminant gas is less than the metastable level in argon. Melton et al. (1954) also suggested the probability that the increased ionization for the cases where the ionization potential of the impurity is greater than the metastable state in argon might be due to higher resonance states in argon. Bortner et al. (1963) studied additional argon mixtures and made further studies of the role of excited states. They, along with Hurst et al. (1965) , have summarized the ionization studies in argon and argon mixtures and have suggested that two groups of excited states are responsible for the Jesse effect. The idea for this suggestion is evident from consideration of their data reproduced in Figure 4 .4. Parks et al. (1972) reported a pressure variation of the Jesse effect for mixtures of argon diluted with traces of molecular impurities. Kubota (1970) reported on several mixture experiments involving two noble gases, where Jesse effects also occur, but where rather larger concentrations of the foreign gas must be added.
While the above discussion on mixtures may appear complex, many simplifications were utilized. For 
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